PITHA (1968) described a fibroblast-like cell in both the rat and rabbit intestine which was characterized by low electron-density of the cytoplasm, numerous filaments and intercellular attachments. GULDNER et al. (1972) observed a similar type of cell in the rat intestinal villi and called them myofibroblasts because of the similarity of their filaments to those of smooth muscle. They assumed that the myofibroblasts formed a three-dimensional network and functioned in squeezing the villous stroma. HIR05AwA and YAMADA (1977) , on the other hand, demonstrated that fibroblast-like cells of mouse intestinal villi had the ability to take up vitamin A, and concluded that they also belonged to the vitamin A-storing cell system which they had previously proposed (YAMADA and HIR05AWA, 1976) . These studies raised an interesting question as to whether the observations of different authors represented different aspects of a single cell type (fibroblast) or different categories of cells. It appears necessary to clarify the nature of the fibroblast-like cells for a better understanding of this and related cells and villous function.
The present study, therefore, attempts to elucidate the fine structural characteristics of the fibroblast-like cells on the rat intestinal villi: particularly, their three-dimensional shape and arrangement and relationship to other structures such as the epithelium, blood vessels and nerves, using scanning and transmission electron microscopy.
A preliminary account of this study has been published elsewhere .
MATERIALS AND METHODS
Pieces of small intestine from rats were removed and placed in 3°o glutaraldehyde in 0.1 M phosphate buffer at pH 7.2 for 2 hr. Specimens were then rinsed in the same buffer and post-fixed in 2 % osmium tetroxide for 2 hr. For scanning electron microscopy, the specimens were rinsed in distilled water and treated with 8 N HCl for 20-40 min at 60° C to remove collagen and a part of the epithelium for observation of the stromal surface (DESaxi and UEHARA, 1981) . After rinsing in distilled water and dehydration in a graded series of ethanol, specimens were dried by the critical point drying method, coated with platinum and observed in a Hitachi 5-310 scanning electron microscope. For transmission electron microscopy, after osmification the specimens were rinsed in distilled water, block-stained with a saturated aqueous uranyl acetate solution for 2 hr, dehydrated in a graded series of ethanol and embedded in Epon 812. Ultrathin sections were cut with a Porter-Blum microtome and double stained with uranyl acetate and lead tartrate for observation in a Hitachi HU-12A electron microscope.
RESUTLS Scanning electron microscopy
After removal of the epithelium and fibrous components of the connective tissue by the hydrolytic procedure, fibroblast-like cells of the intestinal villi appeared to overlie the vascular network which is situated in the superficial layer of the core connective tissue of the villi (Fig. 1 ). The cells are flattened and stellate in shape and have many processes. Their cell bodies are about 20 pm in longer diameter and about 10 ~cm in shorter diameter. By means of their processes, the cells establish numerous contacts with each other and form a cellular network. The cell bodies are usually located in the interstices of the vascular network, and only thin cell processes are superimposed on the segments of the blood vessel. These processes appear to connect with the adventitial aspect of the vascular wall, though no specialized structures are confirmed by observation of thin sections.
This elaborate arrangement, which prevents the placing of cell bodies as obstacles between the vessel and epithelium, may contribute towards the effective transport of absorbed nutrients into the vessels.
Transmission electron microscopy
In thin sections, fibroblast-like cells are usually observed immediately beneath the absorptive epithelium of the villi (Fig. 2) . They are generally spindle-shaped and show long processes.
The most conspicuous feature of this type of cell is the presence of a well-developed rough endoplasmic reticulum (rER) and Goigi apparatus located in the para-nuclear region (Fig. 3) . The rER is dispersed in the cell body and in the thickest parts of the cytoplasmic processes. The cisternae of rER are often distended and contain moderately electron dense material.
Mitochondria are generally small and round, and sparsely distributed throughout the cytoplasm.
Fat droplets, which tend to show a fairly high electron density, and multivesicular bodies are observed (Fig. 5) .
The presence of bundles of filaments is another prominent feature of this type of cell (Fig. 3, 4) . The filaments are about 6 nm in diameter and are accumulated in the processes and the cytoplasm immediately beneath the cell membrane facing the epithelium.
There is no basal lamina. Microtubules are also present, and cilia are occasionally seen. The slender cytoplasmic processes, which extend for some distance from the cell bodies, often overlap and contact each other by both intermediate and Fig. 3 . Fibroblast-like cell characterized by well-developed endoplasmic reticulum (arrow) and Golgi apparatus (double headed arrow) located in the para-nuclear region.
Bundles of cytoplasmic filaments can be seen as an electron-dense zone just beneath the cell membrane facing the epithelium (Ep).
x 10,000 Fig. 4 . Slender processes of a fibroblast-like cell containing bundles of filaments (arrow) . Note the absence of basal lamina.
x 50,000 gap junctions (Fig. 6 ). Some processes abut on the subepithelial and pericapillary basal lamina, where local accumulation of filaments can be observed along the cytoplasmic aspect of the cell membrane. Axons containing agranular and/or granular vesicles are occasionally found in close association with the cell bodies and the processes of the fibroblast-like cells (Fig.  7-9 ). The closest distance between the cell membranes is about 20 nm. Peg-and-socket type of structure is observed (arrow). x 26,000 
DISCUSSION
A special arrangement of fibroblasts or a subepithelial sheath in the intestinal mucosa was first recognized by DEANE (1964) and DoNNELLAN (1965) and drew attention from several investigators. KAYE and his co-workers PASCAL et al., 1968; PARKER et al., 1974) found that fibroblasts in the rabbit colon formed a tight pericryptal sheath which behaved synchronously with the epithelium in its renewal and migration. A similar epithelio-fibroblastic relationship was also confirmed in the crypts and villi of the small intestine of the rabbit (PARKER et al., 1974) and mouse (MARSH and TRIER, 1974a, b) . Although they did not provide any information about cytoplasmic filaments and cellular attachments, which are atypical for the fibroblast but characteristic of this type of cell, it is apparent that the fibroblasts depicted in the figures by KAYE et al. (1968 ), PARKER et al. (1974 ) and MARSH et al. (1974 correspond to the fibroblast-like cell in the present study, judging from their location, shape and intimate relationship with both the epithelium and blood vessels.
On the other hand, GULDNER et al. (1972) payed special attention to the cytoplasmic filaments in the fibroblasts of the rat intestinal villi and thought that they consisted of a contractile actomyosin-like protein. They ref erect to these cells as "myofibroblasts," following the designation by MAJNO et al. (1971) of the contractile fibroblasts in granulation tissue. They suggested that those myofibroblasts formed a three-dimensional network through close contact, and functioned in squeezing the villous stroma.
The present scanning electron microscopical observation clearly demonstrates that the fibroblast-like cells of the rat intestinal villi form a three-dimensional cellular network and overlie the microvascular tree. It is very likely that this network acts as a skeleton for the villi, helps to maintain a certain arrangement of the vascular tree, and safeguards it from active or passive movements of the villi. In addition, there are many studies which show a contractile ability for the fibroblasts (KEYSERLINGK, 1969 (KEYSERLINGK, , 1970 HIRSCHEL et al., 1971; MAJNO et al., 1971; GABBIANI and MAJNO., 1972; GOLDMAN and KNIPE, 1972; CLARKE and SPUDICH, 1977; GABBIANI and MONTANDON, 1977) . Particularly, the pioneer work by ISHIKAWA et al. (1969) using heavy meromyosin molecules revealed that actin filaments are contained in a variety of non-muscle cells, including fibroblasts. Therefore, it is also possible that this network influences absorption and filtration of the villi by its contraction, as suggested by GULDNER et al. (1972) . If contraction of these fibroblast-like cells really occurs in any degree, then the close appositions observed between axon varicosities and the fibroblast-like cells may represent the sites of neuronal interaction.
In this context, it is also worthwhile to note that gap-junctions are observed between the processes of fibroblast-like cells and these junctions may function in cell to cell communication.
Recently, YAMADA and HIROSAWA (1976) hypothesized on the vitamin A-storing cell system found in a wide variety of organs, including the small intestine.
According to these authors, such cells show several common features: an irregular shape with slender cell processes, the presence of vitamin A-containing lipid droplets, well-developed rER and Golgi apparatus, bundles of filaments and a close relationship to blood vessels. Apparently the fibroblast-like cells in the present study share many cytological features with those of the vitamin A-storing cell system. HIROSAWA and YAMADA (1977) demonstrated through autoradiography that, under conditions of experimental hypervitaminosis A, cells similar to fibroblasts in the mouse small intestine took up and accumulated vitamin A in the form of lipid droplets.
However, it is still not clear if these fibroblast-like cells function mainly to store vitamin A under physiological conditions. Another interesting aspect of the cellular reticulum is the assumption that the fibroblast-like cells correspond to the nervous cells depicted by Golgi preparation, since no neurons have been confirmed in the lamina propria of the intestinal villi (SCHOFIELD, 1968) . CAJAL (1911) described an intravillous and periglandular plexus of intrinsic (autochthonous) cells and was of the opinion that they were nerve cells, since they were stained by the Golgi method.
However, CAJAL himself noted that these cells were stained only infrequently and then with some difficulty, and never at the same time as nerve fibers emanating from the submucous plexus of Meissner. It is probable that this plexus of CAJAL corresponds to the reticulum of fibroblast-like cells observed in the present observation.
This may be a case similar to the interstitial cells of the myenteric plexus, which were also originally interpreted as nervous elements (CAJAL, 1894 (CAJAL, , 1911 but were later demonstrated as a type of fibroblast by transmission and scanning electron microscopy (RICHARDSON, 1958 (RICHARDSON, , 1960 ROGERS and BURNSTOCK, 1966; GABELLA, 1972; KOMURO,1982) . The fibroblast-like cells will be dealt with in detail in our further studies with regard to their possible multiple functions such as skeletal, contractile and vitamin A-storing roles, which all seem of paramount importance for the intestinal villi as the frontier of digestion.
